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(57) Abstract: An explosive detector that 
utilizes an array of molecularly imprinted 
polymer (MIP) coated, bifurcated fiber 
optic cables to form an image of a target 
molecule source. Individual sensor fiber 
assemblies, each with a calibrated airflow, 
are used to expose the fibers to the target 
molecule. The detector energizes a 
dedicated excitation light source for each 
fiber, while simultaneously reading and 
processing the intensity of the resulting 
fluorescence that is indicative of the 
concentration of the target molecule. 
Processing j&lectronics precisely controls 
the excitation current, and measures the 
detected signal from each narrow band 
pass filter and photodiode. A computer 
with display processes the data to form 
an image of the target molecule source 
that can be used to identify the source 
even when low level contamination of the 
same molecule is present The detector 
can be used to detect niultiple and/or 
non-explosive targets by varying the MIP 
coating. 
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APPARATUS AND METHODS FOR DETECTING EXPLOSIVES 
AND OTHER SUBSTANCES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of prior filed, co-pending U.S. provisional 
application serial.no. 60/201,856, filed on May 4, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates generally to electromechanical devices for detecting explosives 
and other substances and, more specifically, is a battery powered, stand-alone, portable 
detector that utilizes molecularly imprinted polymer coated fiber optic cables to form an 
image of a target molecule source that can be used to identify the source. 

2. Descriptionoftlie Related Art 

[0003] With an estimated 100 million mines and countless millions of acres of land 
contaminated with unexploded ordnance (UXO) woridwide there is a need for sensor systems 
and methods that can detect and identify large and small explosive objects buried in soil. In 
addition, during armed conflict, there is a need for mine detection and neutralization in real- 
time or near real-time. 

[0004] A commonly used sensor for mine and UXO detection is the electromagnetic 
induction (EMI) metal detector. Conventional EMI metal detectors using either frequency- 
domain (FD) or time-domain (TD) eddy current methods can detect small metal targets (such 
as plastic-cased low-metal content mines) at shallow depths and large metal targets (such as 
metal-cased high-metal content mines and UXOs) at both shallow and deep depths under a 
wide range of environmental and soil conditions. However, metal non-mine (i.e., clutter) 
objects commonly found in the environment pose a major problem in identifying mines. That 
is because these clutter objects create false alamis when detected by a metal detector. For 
time-efficient and cost-effective land clearing, the detected metal targets must be classified as 
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to their threat potential: mine, UXO or clutter. Preferably, these metal targets need to be 
classified in real-time or near real-time. 

[0005] Other explosive detection methods utilize neutron beams and energy detection to 
characterize the organic compounds under surveillance. Although these devices may be 
effective, they are too massive, non-portable, and, because of the neutron and gamma 
radiation, cannot be used near humans without effective shielding, i.e., lead, water or 
polyethylene. 

[0006J Dogs can also be trained to sniff out explosives, but the drawbacks are that they 
require a trainer/handler and have a limited attention span. 

[0007] Remote chemical sensors can be used to detect explosives but must fulfill two goals: 
(1) the development of a specific chemical recognition element that allows a molecule, or 
class of molecule, to be identified, and (2) a means of signal transduction in which the 
presence of the molecule causes a measurable change in a physical property of fiie material. 
Although these goals are not always separable, the successfiil design of chemical sensors 
requires that both be satisfied. 

[00081 Most transduction approaches are based on optical, resistive, surface acoustic wave, oi 
capacitive measurements. These well-developed methods dominate largely because of their 
ease of operation, sensitivity, and cost. The chemical recognition elements in these detectors, 
however, lag far behind. Indeed, most reports on chemical sensors suggest that many other 
devices could be fabricated if only suitable chemical recognition units were available. The 
missing element is a general approach to chemical recognition that aUows the rational design 
and assembly of materials in a stable and reusable form. 

[0009] Methods for the detection of explosives and explosive residues require complex 
analytical instruments such as liquid or gas chromatographs coupled with mass spectroscopic 
or chemiluminescent detection. The associated instrumentation is usually large, expensive, 
difficult to maintain and requires skilled operators. If laboratory analysis is necessary, 
extensive documentation is needed for sample transport, increasing the possibiKty of sample 
contamination. Immunoassay tests are available for some explosives, but these are 
cumbersome andhave short shelf lives. .. . 
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[0010] U.S. PatentNo. 5,157,261, issued October 20, 1992, discloses a portable fiber optic 
detector that senses the presence of specific target chemicals by electrostatically attracting the 
target chehiical to an aromatic compound coating on an optical fiber. Attaching the target 
chemical to the coated fiber reduces the fluorescence so that a photon sensing detector records 
the reduced light level and activates an appropriate alarm or indicator. 
[00111 However, the concentration of the aromatic compound coating on the optical fiber has 
to be optimum or the fluorescence will be eitiier too strong or too weak. Furfliermore, if 
target chemicals firom a neighboring exploded mine are present, the detector may become 
saturated and be ineffective. Additionally, the detector only sounds an alarm and does not 
provide an image of the explosive device bemg detected. The detector also does not provide 
the ability to detect multiple substances simultaneously. 

[0012J What is needed then is a detection device for explosives or other substances that can 
be easily programmed for the substance(s), that can detect targets in an environment with high 
background levels of the target substance, that can detect multiple substances simultaneoudy, 
and that can provide an image of the substance emitting target 

SUMMARY OF THE INVENTION 
[0013] The present invention provides a simple, relatively low cost, stand-alone, portable 
device that can be used virtually anywhere including close proximity to humans. The 
invention generates an image of buried land mines that aids in reducing false positives, 
identifying mine type, and recognizing mine orientation. 

[0014] While the sensor element of the detector of flie invention can take many forms, a 
preferred embodiment uses a molecularly imprinted polymer (MIP) which is generally 
described as a plastic cast or mold of the molecule of interest, where recognition is based on 
shape, much like a lock and key. MIPs are made by adding the molecule of interest to a 
solution of binding molecules that can be chemically incorporated into a polymer. These 
binders usually have an afBnity for the target and form a complex. 
[0015] The interactions that hold these complexes together include 11-11 interactions, 
hydrogen bonding, metal-ligand binding, and evai covalent bond formation, but &ey must be 
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reversible. The binder must also have a chemical functionality that allows it to be irreversibly 
bound to polymers. Vinyl groups are a common functional group used to prepare many 
polymers, e.g., polyethylene, polystyrene, polyvinylalcohol, and polyvinylchloride. The 
target-binder complex is dissolved in excess monomer (for example, styrene) and possibly 
other additives such as a cross-linker and porogens (solvents). 
[0016] hi a typical sensor fabrication, a solid plastic mass, consisting of the matrix and 
binder, is obtained which is chemically bound to the polymer/cross-linker matrix and the 
target molecule. Removal of the target is possible since it is reversibly bound to the binder. 
The cavity it leaves behind is permanently shaped like the target 

[00171 The explosive embodiment of the detector of the invention utilizes an array of MDP 
coated, bifurcated fiber optic cables to form an image of a, target molecule source to detect 
and identify trace levels of explosive material emanating fix)m land mines. Mividual sensor 
fiber assemblies, each with a calibrated airfloWj iare used to expose the fibers to the target 
molecule. The detector energizes a dedicated excitation light source for each fiber, and, 
through a detector element, e.g., a filter and photodiode, simultaneously reads and processes 
the intensity of the resulting fluorescence that is indicative of the concentration of the target 
molecule. Processing electronics precisely control the excitation current, and measures the 
detected signal from each filter and photodiode. 

[0018] A computer with display processes the data firom each calibrated detector element to 
form an image of the target molecule source that can be used to identify the source even when 
low level contamination of the same molecule is present. The detector can be used to detect 
multiple targets by varying the MIP coating. Where mere detection of the presence of a target 
molecule is satisfactory, the array can be reduced to a single fiber assembly for each target 
molecule. The detector can be modified to detect other (non-explosive) materials by changing 
the MIP coating and selecting appropriate light sources, photodetectors, and filters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Fig. 1 is a schematic of the detector of the invention. 
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10020] Fig. 2 is a detailed schematic view of the tip of one of the sensor fiber assemblies of 
the detector of the invention. 

[00211 Fig. 3 illustrates the bifurcated fiber comprising the sensor fiber assembly, of the 
detector of the invention. 

[0022] Fig. 4 is a diagram of the electronics of the detector of the invention. 

DETAILED DESCRIPTION 
10023] While the invention will how be described in detail in the context of its use to detect 
explosives, it will readily be seen, as explamed fiirther, that the invention can be modified to 
detect other (non-explosive) substances. Furfliermore, while a preferred embodiment of the 
invention utilizes MIP coated fiber optic cables, it will be appreciated that otilier sensor 
elements could be used as well. 

[0024] Turning now to Fig. 1, the invaition comprises a battery powered, stand-alone 
detector 10 comprismg, in part, one and, m many cases preferably, an array 12 of sensor fiber 
assemblies for sensing the presence of target molecules &om one or more chemicals found m 
explosives. As shown in Fig. 2, each sensor fiber assembly 14 comprises a bifiucated fiber 
optic cable 16, as also shown m Fig. 3, for receiving lig^it from an excitation source and 
simultaneously returning fluorescence to a detector. 

[0025] The tip of each fiber optic cable is coated with a molecularly imprinted polymer 
(MIP), the MIP designed and implemented as described in U.S. patent application, serial no. 
09/300,867, filed April 28, 1999, and mtemational appUcation, serial no. PCT/USOl/11562, 
filed April 10, 2001 (ROAJS), both of which are incorporated herem by reference. In one 
embodiment, the MIP contains incorporated therein porphyrin moieties which selectively bind 
a target molecule which comprises an explosive chemical. The MIP is formed by tiie steps 
comprising: 

(A) providing the reaction product of (i) a polymerizable porphyrin derivative 
and (ii) a target molecule comprising an explosive chemical; 

(B) copolymerizing the reaction product of step (A) with monomer and 
crosslinldng agent to form a polymer; and - - 
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(Q removing the target molecule from the polymer, said polymer exhibiting 
selecting binding affinity for the target molecule and undergoing a detectable change in 
absorption and/or emission of electromagnetic radiation when flie target molecule binds 
thereto. 

[0026] The MIP coating provides a large dynamic range as the sensing element. Different 
MIP coatings can be used in the array either serially, or simultaneously on different sensor 
fiber assemblies, to detect one or multiple explosive chemicals, including the three major land 
mine explosives. The MIP used can also be designed to detect non-explosive substances, if 
desired. 

[0027J In addition to the MIP coated, bifurcated fiber optic cable, each sensor fiber assembly 
fiirther comprises a thermally insulated tube 18 in which the fiber optic cable is inserted. A 
fan array 20 is placed in the detector to draw a calibrated airflow over the coated fiber optic 
cable tips to expose each sensor assembly to target molecules. The fen array can be 
computer/microprocessor controlled to form an air evacuation system. 
[0028] Also part of the sensor fiber assembly is a position adjustable nozzle 22 for adjusting 
airflow into the tube and over the fiber optic cable and a du^t screen 24 for removing dust and 
other particles not of interest At the end of each tube is a heater 26 of, e.g., one watt, which 
is used to heat the fiber which will then release &e bound target molecules, i.e., will "clear" 
the sensor, so that it can be reused. 

[00291 Rehmiing to Fig. 1, each sensor fiber assembly in the array is connected via the 
bifurcated fiber optic cable to both a dedicated excitation source 28, for example, a red (690 
nm) laser, and to a dedicated detector element 30, comprising, for example, a photodiode and 
a narrow band pass filter. The lasers and photodiodes are connected to control electronics 32 
including a microprocessor 34 (see Fig. 4 for microprocessor). The control electronics and 
microprocessor therein control sampling for each of the channels formed by tiie sensor fiber 
assembly, fiber optic cable, light source, and detector by precisely contirolling the excitation 
current and measuring the detected signal from each detector element. A computer with 
display 36 is also provided as shown in Figs. 3 and 4. To provide true portability the detector 
is powered by batteries 38. 
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I0030J In operation, the fan array draws air in over the MIP coated fiber optic cable tips to 
expose each to target molecules which if present wiU bind to the MIP coating. PeriodicaUy, 
for example, once each second, the microprocessor and control electronics energize, e.g., turn 
on, the excitation light source, e.g., laser, dedicated to each fiber optic cable. If target 
molecules are present, the light will cause them to fluoresce, the light generated from the 
fluorescence process traveling by means of internal reflection along the bifiircated fiber optic 
cable to the detector elements where the narrow band pass filter passes light at wavelengths at 
the emission frequency of the sensor fiber assembly to the photodiodes but blocks 
wavelengths from the excitation ligjit source at the excitation frequency. Therefore, the 
magnitude of the fluorescent emission only having been detected, the resulting photocurrent 
wiU be measured by the microprocessor to detect the target molecule with the intensity of the 
resulting detected fluorescence being indicative of the concentration of the target molecule. 
The control electronics and microprocessor precisely control the excitation current, and 
measures the detected signal from each narrow band pass filter and photodiode; 
[00311 The computer.and its display receives the measured detector current level for each 
sensor fiber assembly and generates an image of the target molecule source that can be used 
to identify the source even when low contamination of the same material is present 
Furthermore, by adjusting the processing algorithm, the detector adjusts for long term 
exposure to a target molecule background by displaying incremental readings for each 
channel. 

[0032] The instrument can be used to detect multiple targets by varying the fiber optic cable 
MIP coating material. Where mere detection of the presence of a target material is 
satisfactory, the sensor fiber array can be reduced to a single sensor fiber assembly for each 
target. The detector can be modified to detect other (non-explosive) materials by changing 
the MIP coating and selecting appropriate light sources, photodetectors, and filters. The 
detector can also be drastically reduced in size and weight through miniaturization of its 
components. 
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WE CLAIM: 



1 1 . A detector comprising: 

2 a fiber optic cable coated with a molecularly imprinted polymer (MIP) for binding a 

3 target molecule; 

4 an excitation light source connected to the fiber optic cable for causing the target 

5 molecule to fluoresce; and 

6 a detector element connected to ttie fiber optic cable to detect the fluorescence. 

1 2. The detector as recited in claim 1, finrther comprising a fan for drawing an airflow 

2 over the coated fiber optic cable. 

1 3. The detector as recited in claim 2 further comprising a nozzle for adjusting airflow 

2 over the coated fiber optic cable. 

1 4. The detector as recited in claim 1 , further comprising control electronics for 

2 energizing the excitation light source. 

1 5 . The detector as recited in claim 4, further comprising a microprocessor for controlling 

2 the control electronics. 

1 6: The detector as recited in claim 1 , fiirther comprising a means for heating the MIP 

2 coated fiber optic cable to release the bound target molecules. 

1 7. The detector as recited in claim 1, wherein flie fiber optic cable is bifurcated to permit 

2 the simultaneous transmission of light firom the excitation source and fluorescence firom flie 

3 target molecule. 
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1 8. The detector as recited in claim 1, wherein the detector element comprises a 

2 photodiode. 

1 9. The detector as recited in claim 8, wherein the detector element further comprises a 

2 narrow band pass filter, 

1 10. The detector as recited in claim 1, wherein the excitation light source is a laser. 
1 11. The detector as recited in claim 1, further comprising a computer with a display. 

1 12. The detector as recited in claim 1, wherein the MIP will bind a target molecule from 

2 an explosive material, 

1 13. The detector as recited in claim 1, further comprising an array of MIP coated fiber 

2 optic cables wherein each fiber optic cable in the array has a dedicated excitation Ught source 

3 and a dedicated detector elemrat. 

1 14. The detector as recited in claim 1 , wherein the detector processes data from target 

2 molecules incrementally from sample to sample, thereby reducing detector susceptibility to 

3 background target molecules. 

1 15. The detector as recited in claim 13, wherein different fiber optic cables are coated with 

2 different MIPs to permit the detection of different target molecules simultaneously. 

1 16. The detector as recited in claim 15, wherein the MIPs will bind target molecules from 

2 a plurality of «tplosive materials. 

1 17, A method for detecting a target molecule comprising the steps of: 
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2 coating a fiber optic cable with a molecularly imprinted polymer (MIP) to bind the 

3 target molecule; 

4 exciting the bound target molecule with light from an excitation source to cause the 

5 target molecule to fluoresce; and 

6 detecting the fluorescence to determine tiie concentration of the target molecule. 

1 18. The method as recited in claim IS, further comprising the step of drawing a calibrated 

2 airflow over the MIP coated fiber optic cable, 

1 19. The method as recited in claim 15, fiirther comprising the step of heating the MIP 

2 coated fiber optic cable to release the bound target molecules after the fluorescence is 

3 detected. 

1 20. The method as recited in claim 1 5, wherein the fiber optic cable is bifiircated to permit 

2 the simultaneous transmission of light from the excitation source and fluorescence from the 

3 target molecules. 



10 



wo 01/86263 



PCT/USOl/14190 




wo 01/86263 



PCTAJSOl/14190 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
15 November 2001 (15.11.2001) 



PCX 



liyuiiMiiMiiiiMnniiiiiiiiiii 

(10) International Publication Number 

WO 01/086263 A3 



(51) International Patent Classification': 
21/64,21/27. 33/00, 33/22 



GOIN 21/77. 



(21) International Application Number: PCT/USOl/14190 

(22) International Filing Date: 3 May 2001 (03.05.2001) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
60/201,856 



English 



5391 Mad River Lane, Columbia, MD 21044 (US), LEW, 
Ark, L. [US/US]; 2684 Golf Island Road, ElJicott City! 
MD 21042 (US). LING, Sharon, X. [US/US]; 6316 Vic- 
torious Song Lane, Clarksville, MD 21029 (US). SUTER, 
Joseph, J. [US/US]; 12719 Maryvale Court. Ellicott City 
MD 21042 (US). 

(74) Agents: COOCH, Francis, A. et al.; The Johns Hopkins 
University, Applied Physics Laboratoiy, 1 1 100 Johns Hop- 



English '^ns Road. Laurel, MD 20723-6099 (US). 



4 May 2000 (04.05.2000) US 



(71) Applicant ffbr all designated States except US): THE 
JOHNS HOPKINS UNIVERSITY [US/US]; Applied 
Physics Laboratory, 11100 Johns Hopkins Road, Laurel. 
MD 20723-6099 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (7i?rt/SoA7/v;: SCHWARTZ, Paul, 
D. rUS/US]; 398 Alameda Parkway, Arnold. MD 21012 
(US). MURRAY, George, M. [US/US]; 9485 Afncan 
Hill Court. Columbia, MD 21045 (US). UY, O., Manuel 
[US/US]; 9886 Century Drive, Ellicott City, MD 21042 
(US). LE, Binh, Q. [USAJSj; 2161 Westglen Court, 
Vienna, VA 22182 (US). STOTT, David, D. [USAJS]; 



(81) Designated States (national): AE, AG, AL, AM, AT AU 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO. Cr! Cv] 
CZ, DE, DK, DM, DZ, EE. ES. R. GB. GD. GE. GH. GM. 
HR, HU, ID, IL, IN, IS. JP, KE, KG. KP. KR. KZ, LC. LK. 
LR. LS, LT. LU, LV, MA, MD, MG, MK, MN, MW. MX, 
MZ. NO. NZ. PL, FT. RO. RU. SD, SE, SG, SI. SK, SL. 
TJ, TM. TR, TT. TZ. UA,.UG. US. UZ. VN. YU. ZA. ZW. 

(84) Designated States (regional): ARIPO patent (GH GM 
KE. LS. MW, MZ, SD, SL. SZ, TZ, UG. ZW). Eurasiaii 
patent (AM, AZ. BY, KG. KZ, MD; RU, TJ, TM). European 
patent (AT, BE, CH, CY, DE. DK, ES, R, FR, GB, GR, IE 
IT. LU. MC. NL. FT. SE. TR). OAPI patent (BF, BJ, CF. 
CG, CI. CM, GA, GN. GW. ML. MR, NE. SN, TO. TG). 

Published: 

— with international search report 



[Continued on next page] 



(54) Title: APPARATUS AND METHODS FOR DETECTING EXPLOSIVES AND OTHER SUBSTANCES 

(57) Abstract: An explosive detector (10) that utilizes an 
airay of molecularly imprinted polymer (MIP) coated, bi- 
furcated fiber optic cables (12) to form an image of a target 
molecule source. Individual sensor fiber assemblies, each 
with a calibrated auflow, are used to expose the fibers to the 
' taiget molecule. The detector energizes a dedicated excita- 
tion light source (28) for each fiber, while simultaneously 
reading (30) and processing (32) the intensity of the result- 
ing fluorescence that is indicative of the concentration of 
the target molecule. Processing electronics precisely con- 
trols the excitation current, and measures the detected signal 
from each narrow band pass filter and photodiode. A com- 
puter with display (36) processes the data to form an image 
of the target molecule source that can be used to identify the 
source even when low level contamination of the same mol- 
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